Abstract-Three inorganic compounds, K 2 CO 3 , K 2 SO 4 , KCl have been investigated with regard to their catalytic effects on pyrolysis of tannery sludge by thermal analysis experiments.
INTRODUCTION
Sludge production from tannery wastewater treatment has increased year by year due to the growth of tannery industry.
For example, in China, over one million tons of sewage sludge (on a dry basis) were generated every year [1] .Therefore, it is important to sludge disposal for environmental protection.
The thermal treatment of sludge is one of the practical treatment methods, since dumping in the sea, direct landfilling, and agricultural utilization have been limited or prohibited. It is certain that incineration could provide a large volume reduction and energy recovery. However, such large-scale thermal conversion of solid to gas requires extensive flue gas cleaning and safe disposal of toxic heavy metals concentrated in final residues [2] [3] [4] [5] . Moreover, regulations related to incineration stipulate strict criteria for gas emissions and require detailed information on the composition and leachability of the residues [6] . In such a situation, sewage sludge pyrolysis could be considered as an alternative. In the catalytic pyrolysis process, pyrolysis could be promoted, the pyrolysis time could be shortened, the pyrolysis temperature could be reduced, conversion rate could be raised and the distribution range could be controlled by adding efficient catalysts. So catalysts were very necessary for improving the quantity and quality of the pyrolysis oil.
Here, the catalytic effects of three inorganic compounds (K 2 CO 3 ，K 2 SO 4 ，KCl) on pyrolysis of tannery sludge were investigated by thermal analysis under the same conditions thus providing a comparative study in terms of catalyst types.
The catalytic effect on product distribution and oil yield was studied by using experimental installation which was designed for direct thermochemical liquefaction of sludge with changing the dosage of catalyst, it can supply basic data for practical application in tannery sludge pyrolysis.
II. EXPERIMENTAL

A. Experimental Material
The sludge samples in the experiment were from Tianjin Longqing Tannery Cooperation Company, which previously dried at 378K in a drying chamber for 2h and crushed into fine particles. Proximate analysis of sludge was presented in 
B. Experimental Method
Analyzer was Q50 TGA from USTA Company, and the heating rate, terminal temperature and the holding time can be set by computer program. TG and DTG curves were got from the correlative signals generated by the thermal balance during the experiment. The flow rate of nitrogen as a carrier gas into reactor was about 60cm 3 /min. 10mg sludge with about 254 μm particle was used. The TG and DTG curves of tannery sludge were derived from tests of differential thermal balance at heating rate 40K/min .
The solution of the three inorganic compounds were respectively mixed with 1g sludge according to a certain proportion, and after total immersion for 24h, the samples were put into drying chamber and dried at 378K to constant weight. Besides, another 1g sludge was taken as the untreated sludge sample.Effects of catalyst category and dosages on pyrolysis of tannery sludge were studied by this thermogravimetric analysis. 
III. RESULTS AND DISCUSSION
A. Catalytic Effects of Potassium Compounds on Pyrolysis of Tannery Sludge
When the heating rate is fixed, tannery sludge pyrolytic process can be divided into four stages by the TG-DTG curves [7] . The second stage(283-743K) in which the main weight loss process happens is the important stage, so this stage was researched on catalytic pyrolysis. Table 2 . These effects might be caused by the catalytic role of the potassium compounds during pyrolysis or by swelling role during the impregnation of sludge samples or by both.
Potassium ion was very small and it could penetrate into the sludge and breaked the intermolecular hydrogen bridges under swelling or heating [8] . As a result, pyrolysis occurs earlier.
Moreover, strong potassium ion could extract some low molecular compounds in the sludge. Because pyrolytic temperature was the influencing factor and the temperature was lowed with addition of KCL or K 2 SO 4 ,the maximum weight loss rate decreased, But the maximum weight loss rate increased with addition of K 2 CO 3 ,because the catalysis of potassium ion, the carbonate ion could react with carboxylic acid in protein and volatiles such as CO 2 were generated, which increased the weight loss rate. From Figure 3 and Table 3 , the catalysts took the effects on the sludge pyrolysis with the dosage increased that the pyrolysis happened at lower temperature, which suggests that the increase dosage of the catalysts promoted sludge pyrolysis, but meanwhile the conversion rate of sludge grossly decreased as the catalysts dosage increased which was because the catalysts not only could promote the fracture of intermolecular bond., but also could help the polymerization of the intermediate and char was produced, the conversion rate was reduced. Considering these two sides as well as the economic factor, 2%wt of catalyst was chosen as the optimal dosage.
B. Effects of catalyst dosage on sludge pyrolysis
C. Catalytic effects on oil yield of sludge pyrolysis K 2 CO 3 was chosen as the catalyst, the proportions of K + content in sludge was 0%, 1%, 2%, 4%, 5%, respectively, experiment was operated in autostove, water content of the sludge was 80%,reaction temperature was set at a lower temperature 240℃, reaction pressure was the saturated vapor pressure corresponding to the temperature, residence time was zero minute. 
IV. CONCLUSION
• The TG and DTG curves show that among the three inorganic compounds, the catalytic effect of the the potassium compounds follow K 2 CO 3 >K 2 SO 4 >KCl, K 2 CO 3 made the largest conversion rate of sludge and highest maximum weight loss rate, the carbonates were more efficient as pyrolytic catalysts.
• With the dosage K 2 CO 3 increased, the pyrolysis temperatures decreased and the maximum weight loss rate increased, but the conversion rate of sludge pyrolysis decreased, considering these two factors, 2%wt K + of sludge weight was chosen as the optimal dosage of the catalysts.
• K 2 CO 3 was chosen as the catalyst, oil yield began to increase with the catalyst dosage increased, peaked at 2% then decreased. The optimal dosage of catalyst was 2%wt K 2 CO 3 , it basically matched the results from thermogravimetric analysis. It showed that the excess dosage of catalyst might make char product increased and oil yield decreased.
